Abstract. Sarcomatoid (spindle cell) carcinoma of the pancreas is a rare, high-grade epithelial malignancy composed predominantly or exclusively of spindle cells demonstrating evidence of epithelial derivation, but no features indicative of a specific line of mesenchymal differentiation. The current study presents the case of an 85-year-old Caucasian male with a tumor mass in the body of the pancreas. The individual subsequently underwent a distal pancreatectomy, splenectomy and partial gastrectomy. Microscopic examination of the 3.3-cm mass located in the body of the pancreas revealed a small, but high-grade, adenocarcinomatous component that blended imperceptibly with malignant spindle cells. No light microscopic or immunohistochemical evidence of specific mesenchymal differentiation was identified, and the spindle cells, as in the case of the carcinoma, were diffusely keratin-positive. Sarcomatoid (spindle cell) carcinoma defined in this way rarely presents in the pancreas, with, to the best of our knowledge, only six cases reported in the English literature.
Introduction
Sarcomatoid (spindle cell) carcinoma is an aggressive form of carcinoma composed of malignant spindle cells, with or without a coexisting epithelial cell component. The carcinoma demonstrates evidence of epithelial derivation with no specific line of mesenchymal differentiation. The current study represents only the seventh case of sarcomatoid (spindle cell) carcinoma of the exocrine pancreas as defined above that has described in the English literature (1) (2) (3) (4) (5) (6) .
Case report

Materials and methods.
Tissue from the pancreatic tumor was obtained from the surgical pathology files of Northwestern Memorial Hospital (Chicago, IL, USA). Light microscopic and immunohistochemical examination were performed on hematoxylin and eosin-stained sections prepared from formalin-fixed, paraffin-embedded tissue. The immunomarkers used, including clones, dilutions and manufacturers, are presented in Table I . Cases relevant to the definition of sarcomatoid (spindle cell) carcinoma reported in the English literature are listed in Table II and were searched for via PubMed.
Patient presentation and diagnosis. The need for written consent was waived by the Institutional Review Board of Northwestern University (Chicago, IL, USA). An 85-year-old Caucasian male presented to Northwestern Memorial Hospital (Chicago, IL, USA) with signs and symptoms resembling earlier episodes of pancreatitis that had been experienced over the past 8 months. Endoscopic ultrasound identified a well-circumscribed, hypoechoic mass adjacent to the portal vein within the pancreatic body. A pre-and post-contrast helical abdominal (pancreatic and portal venous phase) and pelvic (venous phase) CT demonstrated a unilocular, non-enhancing, cystic mass measuring 3.7x2.7 cm that obstructed the main pancreatic duct within the body of the pancreas. The mass was homogeneously enhanced and exhibited diffuse peripancreatic stranding. According to these radiological observations, an initial clinical diagnosis of an adenocarcinoma or neuroendocrine tumor was formed. A fine-needle aspiration of the mass was performed prior to surgery and revealed high-grade malignant epithelial cells in a pseudopapillary pattern. A second population of more primitive tumor cells was identified with high nuclear/cytoplasmic ratios within a richly mucinous stromal background. In addition, laparoscopic distal (near-total) pancreatectomy, splenectomy and partial gastrectomy were performed. The patient was alive and well 26 months after the surgery.
Pathological observations. The surgical specimen consisted of the pancreatic body and tail with the attached spleen and a portion of the stomach (Fig. 1A) . The cut surface of the body of the pancreas revealed a poorly-circumscribed, solid, fleshy mass of variegated yellow-tan to dark red color, measuring 3.3x3.0x2.6 cm. The tumor mass was adherent to the serosa of the stomach, adjacent to the splenic artery and vein and externally compressed and obstructed the main pancreatic duct (Fig. 1A) .
Ill-defined, highly cellular nodules of cytologically atypical spindle cells, intermingling with scattered adenocarcinomatous elements within a myxoid stroma were determined by scanning light microscopy (Fig. 1B) . In addition, the lesional tissue surrounded a central area of necrosis. At higher magnification, the minor adenocarcinomatous component, including ill-defined ductal structures and individually dispersed cells, blended imperceptibly with a haphazardly arranged, cellular proliferation of cytologically atypical spindle cells. The cells exhibited a mild to moderate degree of nuclear pleomorphism and scanty eosinophilic cytoplasm. However, no microscopic features indicating specific mesenchymal differentiation were identified (Fig. 1C) . Mitotic figures were readily identified in the two components. Perineural invasion and regional lymph node metastasis by the spindle component were evident, but lymphovascular invasion was not identified. The surrounding non-neoplastic parenchyma exhibited features of chronic pancreatitis. The immunohistochemical results are presented in (8), since the majority of these types of tumor possess a spindle element that demonstrates an epithelial immunohistochemical profile and/or genetic alterations in pancreatic ductal adenocarcinomas (7). To date, the largest study to analyze the histological spectrum of sarcomatoid carcinoma, including examples of malignant pancreatic neoplasms exhibiting varied sarcoma-like features, was reported by Alguacil-Garcia et al (9) . This study identified four distinctive histological types of sarcomatoid carcinoma based on light microscopic analysis only. The four subtypes were as follows: i) Spindle cell carcinoma, consisting primarily of malignant spindle cells; ii) osteoclastic giant cell tumors, demonstrating an admixture of malignant spindle and epithelioid-appearing cells with osteoclast-like giant cells; iii) pleomorphic giant cell carcinoma, exhibiting highly pleomorphic mononuclear and multinucleated giant cells; and iv) round cell anaplastic carcinoma, composed exclusively of monotonous rounded, small-to moderately-sized tumor cells. The reported prognosis of each of these histological subtypes was uniformly poor (9), consistent with the aggressive nature of this subset of malignant tumors.
However, it is difficult to classify tumors belonging to any of these four categories as spindle cell carcinoma or carcinosarcoma with heterologous elements, as aforementioned, or even to exclude pure sarcoma or carcinoma in specific cases without the benefit of immunohistochemistry, electron microscopy or molecular studies. In retrospect, we hypothesize that the spindle cell variant most closely resembles the tumor identified in the patient discussed in the present case report. The pleomorphic epithelioid cells that typify pleomorphic giant cell carcinoma have the potential for focal transition to a spindle morphology. However, this neoplasm must not exhibit a distinct spindle cell component like the sarcomatoid (spindle cell) carcinoma or carcinosarcoma. The majority of pancreatic tumors with osteoclastic giant cells are epithelial tumors with accompanying pleomorphic giant cells (pleomorphic/osteoclastic or 'mixed' giant cell tumor) (10) or tumors histologically resembling giant cell tumors of the bone (osteoclastic giant cell tumor or osteoclastoma) (11), but whose immunohistochemical and molecular profiling are consistent with an epithelial derivation (12) . In contrast to the malignant mononuclear cell element of the tumor presented, previous studies have shown that the osteoclastic giant cell is a benign component of monocytic derivation recruited into the lesional cell environment via the production of cytokines by neoplastic cells (13, 14) .
In addition to the tumor of the present case study, six additional examples of pancreatic sarcomatoid (spindle cell) carcinoma with confirmed epithelial derivation of the spindle component and/or absence of specific mesenchymal differentiation have been identified in a comprehensive review of the English literature (PubMed ; Table II ) (1) (2) (3) (4) (5) (6) . Of the patients with adequate follow-up, 4/5 succumbed to their condition within 9 months of surgery (1, (4) (5) (6) . In a previous review of pancreatic tumors classified as 'carcinosarcomas', including two cases that are included in the present case report as examples of sarcomatoid (spindle cell) carcinoma (2,3), Gelos et al (15) identified that the average post-operative survival interval was 6 months and that the longest living patient survived for 15 months. Notably, the patient of the present case study was alive and well 26 months after surgery and thus, to the best of our knowledge, is the longest-living individual with pancreatic sarcomatoid carcinoma and carcinosarcoma.
Consistent with the results of the present case report, an epithelial origin of the spindle cell element has been identified by the presence of epithelial immunomarkers, including keratin(s) and EMA, within the spindle cell component in five of the six reported pancreatic sarcomatoid carcinomas (1-5). Higashi et al (1) also reported the immunoexpression of MUC1, an apomucin core protein more specific than keratin for pancreatic ductal carcinoma, within malignant spindle cells of pancreatic sarcomatoid (spindle cell) carcinoma.
Molecular analysis is a useful technique for establishing a diagnosis of sarcomatoid (spindle cell) carcinoma by demonstrating a histogenetic link between malignant spindle cells and pancreatic ductal adenocarcinoma. The K-ras mutation at codon 12 of exon 2 is implicated in the pathogenesis of pancreatic ductal adenocarcinoma (16) sarcomatoid (spindle cell) carcinoma. Nakano et al (5) identified a mutation in the keratin-expressing spindle component of a malignant biphasic pancreatic tumor. Kim et al (6) identified the mutation in the epithelial and spindle elements of a malignant biphasic pancreatic tumor. Although the spindle component failed to express keratin, a broad mesenchymal immunoprofile was also negative. These two cases are consistent with the current belief that the vast majority of malignant spindle cell neoplasms of the pancreas are sarcomatoid carcinomas. In addition, the observation of the K-ras mutation at codon 12 of exon 2 within a retroperitoneal-based, undifferentiated spindle cell malignancy is likely to indicate a pancreatic epithelial origin, particularly in cases where there is no evidence of a coexisting or preexisting well-differentiated component (eliminating 'dedifferentiated' sarcoma) and where the tumor lacks specific mesenchymal or epithelial immunomarker expression. The pathogenesis of sarcomatoid malignant biphasic neoplasms remains unclear, but certain previous studies indicate a monoclonal (stem cell) origin with divergence into carcinoma and sarcomatous elements (17, 18) . Epithelial-to-mesenchymal transition has been postulated to be an alternative mechanism explaining the origin of a sarcomatous component from a carcinoma based on the differential loss or gain of genes between the two components (5, 19) . The identification of the characteristic K-ras mutation in codon 12 of exon 2 in a malignant spindle cell pancreatic tumor constitutes evidence of a monoclonal origin of the two components of sarcomatoid carcinoma. Nakano et al (5) postulated that an additional K-ras mutation at codon 34 of exon 2, located within the spindle cell element, facilitated an epithelial-to-mesenchymal (sarcomatous) transformation. Using an alternative approach to demonstrate monoclonality, van den Berg et al (18) identified identical genetic aberrations in six chromosomal loci. The loci are commonly altered in the two cellular elements of pancreatic ductal carcinoma in cases of pancreatic mucinous neoplasm with a coexisting sarcomatous stroma that lack keratin immunoexpression and show morphological and/or immunohistochemical evidence of mesenchymal differentiation.
In conclusion, the current case study documents the seventh case of sarcomatoid (spindle cell) carcinoma of the pancreas with data substantiating the epithelial derivation of the nondescript malignant spindle cell element. The patient presented here was alive and disease-free at 26 months post-surgery, and is therefore the longest disease-free survivor reported in the English language literature.
